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Study on the general combining ability of three types close-sibling

binary CMS lines of indica rice ( Oryza sativa L. )

ZHOU Xue-biao'*, LU Zuo-mei'”

(1. State Key Laboratory of Crop Genetics and Germplasm Enhancement, Nanjing Agricultural University,
Nanjing 210095, China; 2. Shandong Rice Research Institute, Jining 272100, China)

Abstract: Three full-sibling binary CMS lines, 11 back-cross binary CMS lines, 10 half-sibling binary CMS lines, 10 isozygoty
CMS lines and five restorer lines were chosen to make 50 single hybrids (SH) and 120 modified single cross hybrids ( MSH) by
the way of NCII design. The plots of F, were arranged in the field in a randomized complete block design with 2 replications and
the combining ability of 7 characters were analyzed using random model. The results showed that the variance of general combining
ability (GCA) and specific combining ability (SCA) were significant at 1% level in all characters. The GCA of three types of
MSH and SH were studied using analysis of variance of independent comparison of single degree of freedom in the grain weight per
plant (GWP) and the other yield traits. The result indicated that, three types of MSH were higher than the SH at 1% level in the
GWP and the number of effective tillers per plant ( NETP) respectively, the back-cross binary CMS lines and half-sibling binary
CMS lines were higher than the SH at 1% level in seed setting rate (SSR). There were no significant differences in other yield
traits. It suggested that the above three types of close-sibling binary CMS lines could be used increasing GWP, NETP and SSR in
modified single cross hybrid rice breeding.

Key words: binary CMS line; close-sibling; full-sibling; half-sibling; independent comparison of single degree of freedom; gen-
eral combining ability (GCA)
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Table 1 Rice lines in this study

HHAER

Cytoplasmic male

[LEEN

Restorer lines

LA T T R
Half-sibling binary CMS lines

LR —IEARE &
Full-sibling binary CMS lines

[EI i Vv N =
Back-cross binary CMS lines

sterile lines

I 32 A WO A/HHRE B M-32A/10p1 B G A/DH B K 04

Xinxiehuang A/Xinxiezi B M-32 A/llxiel B Jinxiezi A/ Il xie 1 B Nanhui 04
It A GO A/ ST B M-32 A/T W2 B EWhEA/TH2 B AR 86
Ixiel A Jinxiehuang A/Jinxiezi B M-32 A/1llxie2 B Jinxiezi A/ [[ xie 2 B Minghui 86
nHr2 A M1 A/I0Hr2 B HiEE A/BihE B B ABTE B EK 838
Mxie 2 A xie 1 A/ lIxie2 B Xinlu A/Xinxiezi B Jinxiezi A/Xinxiezi B Fuhui 838
HiEE A 423 A& B GUME A/BHE B Jetk 207
Xinlu A Jin 23 A/Jinxiezi B Jinxiehuang A/Xinxiezi B Xianhui 207
FE A S A/423 B ik A/ B #FH 46
Xinxiehuang A Jinxiehuang A/Jin 23 B Jinxiehuang A/ Il xie 1 B Miyang 46
L A hER A /TP B Wi A/TH2 B
Xinxiezi A Xieqingzao A/ Il xie 1 B Jinxiehuang A/ Il xie 2 B
423 A ER A/ TH2 B B A/TH 1 B
Jin23 A Xieqingzao A/ Ixie2 B Xinxiehuang A/ Ixiel B
SEHEE A HH AHME B i A/ T2 B
Jinxiezi A Xieqingzao A/Xinxiezi B Xinxiehuang A/ Il xie 2 B
AP A &R A/BhE B LA/ TP B
Jinxiehuang A Xieqingzao A/ Xinxiehuang B Xinxiezi A/ [ xie 1 B
HER A HER A/&hE B B A/ T2 B
Xieqingzao A Xieqingzao A/Jinxiezi B Xinxiezi A/ Il xie 2 B

S A/HERB

Jinxiehuang A/Xieqingzao B
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Table 2 Mean squares of ANOVA on main agronomic traits for all hybrids and the contribution ratio of the A, R and

A xR to the total variance of the characters

. REF x . X B A5 T 22 B BRIKR /%
ERIN X 4 iR W % PNCEA #; R T .
) : VT Contribution ratio to the total variance
Character Block Crosses R-line A-line Error
A xR Vg Vs VgR VgA
DF 1 169 4 33 132 169
Hpkr= i GWP 0.46 24.71%%  139.37** 46.57** 15.76 0.37 38.89 61.11 14.43 24.46
TR E TCW 0. 06 4.64**  101.34** 8.16%* 0.83%* 0.09 85.60 14.40 57.23 28.37
F 3 NETP 0.25 2.72%* 36.50 % * 4.86** 1.15%* 0.10 62.85 37.15 36.67 26.18
AR EORIEL SP 14.72 572.74** 9412.03** 1101.45** 172.70 % * 21.42  75.15 24.85 44.64  30.51
45515 SSR 6.03 23.30% % 312.16** 42.84% 9.66** 1.72  66.15 33.85 37.89 28.26
¥k PH 31.71*% 70.82%* 2284.57%* 53.71%* 8.01** 3.67 94.61 539 83.24 11.36
&6 55 DIH 5.45 19.99**  518.41*%* 26.17 %" 3.34%* 0.83 88.70 11.30 68.16 20.54

Notes: 1) "P<0.05; " P<0.01
2) GWP = Grain weight per plant; TGW =1 000-grain weight; NETP = Number of effective tillers per plant; SP = Spikelets per pani-
cle; SSR =Seed setting rate; PH =Plant height; DIH = Days from sowing to initial heading. The same as belows.
3) Vg = Variance of general combining ability; Vs = Variance of specific combining ability; VgR = Variance of the R-line; VgA = Vari-

ance of the A-line
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[ B AT AR b 5 e T LA, HRTEREIR IR B B #2550k . DLESSRGIM, —JuA s
Z5 B B R RO — B S I TAER AT &, M 2RI R — U E R ZIEEAML,

K3 “AABREHASTEREERTERTERZHR LS BLLE (HB5E)

Table 3 Independent comparison of single degree of freedom for GWP and main agronomic traits of CMS-lines and

BCMS-lines ( mean squares)

L Sl DF R AR TR E AR RRIEL ZER M
Sources GWP NETP TGW sp SSR PH

i&iiiﬁfﬁﬂzﬁxﬁ? 1 573.93**  29.56* " 0.51 0.08 110.87** 11.14
é@ﬁi?i&?lﬂﬂﬂxﬁ% 1 212.12% % 26.40%* 0.57 154. 88 12. 19 1.19
iﬁgziiiizﬁrﬁg 1 397.95%*  24.05* " 0.01 0.28 88.28%*  9.33
E@MﬁSzﬁHi?Mngﬁlﬂﬂfﬁg 1 421.07%*  11.86** 1. 49 30.32 92.71** 8.88
fi%ﬁff;ﬁfgiw%ﬁ% 1 1.79 3.62 0. 69 167.33 7.69 0. 90
fﬂﬁ;{f&gﬁfg*ﬁmﬁ:ﬁxﬁg 1 0.39 7.83* 0.01 261.98 9.30 0.87
B@_iﬁgﬁf}? iﬁ: IR A A 1 1. 11 1.90 1.82 26.03 0.21 0. 00
j\r?’f‘f xEF 132 15.76 1.15 0. 83 172.70 9. 66 8.01

Notes: (1) F(y 132y0.05 =3-9129;5 F(q 130,01 =6-830 8
(2) CMS = Cytoplasm-genetic male sterile line; F-BCMS = Full-sibling binary cytoplasm-genetic male sterile line; B-BCMS = Back-cross
binary cytoplasm-genetic male sterile line; H-BCMS = Half-sibling binary cytoplasm-genetic male sterile line. The same as belows.
x4 HAERNERE-RAABEREMTERTERZERNFIE
Table 4 Means of GWP and main agronomic characters of CMS-lines and BCMS-lines

EN=ESS Wbk g i REEL THIH/ g R ERIEL S5/ % RS/ cm

Type of CMS GWP NETP TGW sp SSR PH
i NEH R CMS 29. 60 11.43 28.32 125.32 74.54 108. 46
W ICATER All BCMS 32.45 12.07 28. 41 125.36 76. 42 108. 86
A A E & B-BCMS 32.35 12.10 28. 31 125. 40 76. 49 108. 88
L[| AT Z H-BCMS 32.50 11.91 28.50 126. 10 76. 58 108. 88
2 AT R F-BCMS 32.63 12.50 28. 48 122.73 75.63 108. 69

2.3 ZRABEREMHRN—BESNUNEESHEHNGERERZINLEE

WS AL, bR LA IS 10 MR R ZIUAE R, W1 2R, 6
ASFIAZ I3 AE R JERT 3 A aE T-32 A/ T 1B, Frihik A/ Ep 1 BAIIT-32 A/ 152
B, Z0illis%4.04, 4.02 13.48, X 10 oA B RAEL ISR | MR SFHR B —BBCE AR R,
HpI-32A/001 B, T-32A/11152 B, 423 A/&HhEB, &0 A/ TP 1 B 2 AR BN — 8
BeA % s MAhdE A/ L1 B, &R A/&WE B, hER A/#HE B, i A/ 2 B, 4
WA/ T2 BEARTE R, WEAMEEE FRAE S — RS T, £33 MR TAE R,
MR —REC A I LA T 1 A/ TTH 2 B RIMEAF, HEESE 6 1, ek A/&PUhsE B HESE 12 17, 3
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AR IIEA—FL

MRS EATLIE I, 24 S TJ00AE R A 19 A bk i) — Bl & 7 O 2 M AT R AR
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Table 5 The general combining ability ( GCA) of main agronomic traits of male sterile lines

Hbrat TRIE AR SRR HYeR P g cy/ip Ul

AREZE A-line

GWP TGW NETP sp SSR PH DIH
4:23A Jin23 A -3.59 -1.61 -1.27 19.30 -6.48 2.13 0.18
5 A Xieqingzao A -1.68 0.33 -0.04  -13.53 3.50 -0.16 2.49
P A Jinxiezi A -2.06 -0.56 -0.99 8.37 -2.17 3.52 -0.66
4 W A Jinxiehuang A -2.09 -1.22 -0.44 10. 69 -4.94 -0.99 -2.84
HiEE A Xinlu A -3.15 2.07 -0.45 -12.06 -2.87 -5.28 -2.06
i A Xinxiehuang A -3.66 1.00 0.86  -20.89 -3.86 -3.37 -0.92
B A Xinxiezi A -3.45 0.56 -0.11 -8.40 -4.60 -3.06 -1.23
M-32A -0.73 -1.94 -1.08 13.70 3.33 4.74 4.50
M1 A lixiel A -0.44 0.94 -0.88 4.08 1.09 0.91 0. 88
M2 A lixie2 A 0.72 -0.17 -0.13 -1.50 3.21 -1.24 -0.64
M-32 A/IPp1 B M1-32 A/1lxie 1 B 4.04 -0.45 -0.44 14.61 4.64 3.70 3.01
M-32 A/0%2B M-32 A/l xie2 B 3.48 -0.80 -0.45 13.96 4.47 2.65 3.10
iR A /T 1 B Xiegingzao A/ Il xie 1 B 0.56 0.32 0. 09 -3.50 2.22 0.35 1.51
R A/ T2 B Xiegingzao A / [ xie 2 B 1.35 0.57 0. 60 -9.81 3.89 -1.08 0.72
M1 A/TTH2 B Mixie I A/Ixie2 B 1.78 0.04 -0.04 1.43 3.08 0. 62 0.58
B A/BT4E B Xinlu A/Xinxiezi B -3.03 1.36 0.71 —15.47 -6.24 -4.81 -1.89
PE R A/Bi P4 B Xiegingzao A/ Xinxiezi B 1.35 0. 61 1. 11 -11.08 1.58 -1.23 0.37
PrE R A/ B B Xiegingzao A/ Xinxiehuang B -0.48 0.83 1.24 -16.06 -0.15 -1.96 0.79
B A/BME B Xinxiehuang A/Xinxiezi B 0.35 0.88 1.35 -11.03 -2.61 -2.53 -0.42
423 A/& M B Jin 23 A/Jinxiezi B 2.22 -0.83 -0.30 17.09 -0.92 3.11 0. 68
4 W # A/4: 23 B Jinxiehuang A/Jin 23 B -2.62 -1.58 -0.63 10. 59 -4.12 0.30 -0.82
hiF R A/ B Xiegingzao A/Jinxiezi B 1.55 -0.86 0. 49 4. 84 0.20 1.08 -0.02
£ A/ R B Jinxiehuang A/ Xieqingzao B -0.25 0.01 0.05 -4.63 1.23 -0.55 -0.22
S A/ 24 B Jinxiehuang A/Jinxiezi B 0.93 -0.63 0. 54 1.75 -1.09 1.75 -2.14
W A/BIME B Jinxiezi A/ Xinxiezi B 0. 80 0.21 0.43 -2.68 -0.48 -1.43 -1.39
G A/ 1 B Jinkiezi A/l xie 1 B 2.98 0.61 -0.37 8.35 2.31 2.11 0.82
4t A/ 11152 B Jinxiezi A/ [[xie 2 B 1.38 0.19 0.52 -3.29 1.47 2.16 -0.41
S A/FHEE B Jinkiehuang A/Xinxiezi B 0.17 -0.53 -0.23 7.30 -1.55 -0.43 -1.33
4% A/ L 1 B Jinxichuang A/ [ xie 1 B -1.42 0.10 -1.04 2.90 0.77 -0.87 -1.62
4th# A/ 1152 B Jinxiehuang A/ [ xie 2 B -0.11 -1.01 -0.58 9.08 0.63 -0. 46 -1.67
Bt A/ TH5 1 B Xinxiehuang A/ I xie 1 B 4.02 0.42 1. 00 1.01 0.28 0.56 1.04
i A/ L H 2 B Xinxiehuang A/ Il xie 2 B -0.88 -0.17 0. 61 -7.04 -1.53 -0.51 -0.53
B A/ T H 1 B Xinxiesi A/ I xie 1 B 1.34 0.76 -0.13 -2.00 3.49 0.99 0.25

e A/ T ¥ 2 B Xinxiezi A/ T xie 2 B 0.61 0.54 0.13 -6.10 2.24 -0.70 -0.12
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